SUMMARY We attempted to detect mitral deformities in ostium primum atrial septal defect using realtime cross-sectional echocardiography. Transverse sections of the anterior mitral leaflet echo were examined in 11 patients with this malformation who subsequently received surgical treatment. The section for observing the transverse view of the anterior leaflet was along the sagittal plane of the body, because of the deformity of the mitral annulus. Each echocardiographic finding was compared with the surgical and angiographic findings. On the echocardiogram, the superior and inferior parts of the anterior mitral leaflet separated into two parts during diastole in all patients with mitral cleft. Thin linear echoes connected the ridges of the cleft and the ventricular septum in seven patients in whom the accessory chordae at that area were revealed at surgery. The systolic configuration of the anterior leaflet echo varied among the patients. The severity of the mitral regurgitation seemed to relate not only to the size of the cleft but also to the systolic configuration of the anterior mitral leaflet. After surgery, diastolic separation of the anterior leaflet echo was no longer observed. However, the abnormal systolic configuration of the anterior leaflet was unchanged.
IN OSTIUM PRIMUM atrial septal defect (ASD), absence of the membranous septum and a cleft in the anterior mitral leaflet are the characteristic features resulting from maldevelopment of the endocardial cushions. The success of the surgery depends on the repair of the mitral regurgitation due to mitral cleft, because mitral regurgitation sometimes remains after surgery.'-' Mitral repair in this malformation is difficult due to the complex deformities of the mitral valve and the deformity of the mitral annulus. At present, however, there is no adequate method to demonstrate the details of the mitral deformities before surgery or the results of the repair of the cleft after surgery. Angiocardiography reveals the presence of the mitral cleft and regurgitation but reveals few details about the leaflet and chordae tendineae.6-8 Although the mitral anomalies can be seen at surgery, the width of the cleft and the configuration of the mitral apparatus are modified in the arrested heart, and the exact orientation of the mitral apparatus is obscure. Therefore, a method of evaluating the condition of the mitral apparatus in the beating heart is needed.
As echocardiography offers unique information about the arrangement and movement of the intracardiac structures, it has come to be an indispensable examination in diagnosing congenital and acquired heart diseases. The echocardiographic findings in endocardial cushion defect, including ostium primum ASD, have been reported. 9 17 In mitral cleft, the systolic multiple echoes of the mitral valve were reported as specific findings using M-mode and multicrystal echocardiography."1 12, 14 Mitral cleft has been observed with real-time cross-sectional echocardiography. 16' 17 In the present study our goal was to detect the mitral cleft, to show the abnormal configuration of the anterior mitral leaflet using real-time cross-sectional echocardiography and to compare the echocardiographic findings with the surgical and angiocardiographic findings in patients with ostium primum ASD.
Subjects and Methods
We studied only subjects who later underwent surgery to permit the comparison of echocardiographic and anatomic findings. Ten patients with ostium primum ASD and one patient with a transitional form of endocardial cushion defect"' were included. The latter patient was included because her ventricular septal defect was small and was considered clinically to be the same as ostium primum ASD. There were five males and six females, ages 4-45 years. At surgery, 10 patients had mitral cleft and the other one did not. For the sake of convenience, the degree of the mitral cleft was defined as complete or incomplete, according to its extension to the mitral annulus. Seven of the 10 had complete cleft and the other three had incomplete cleft. In nine patients with mitral cleft, the cleft was sutured directly; one patient underwent mitral valve replacement. The accessory chordae were revealed at surgery in five patients and were resected partially in two. The mitral regurgitation before and after surgery was diagnosed by cineangiocardiography using the criteria of Sellers et al. 19 The angiographic and surgical findings for individual patients are listed in table 1 .
All patients were examined using real-time crosssectional echocardiography before surgery and all VOL 62, No 5, NOVEMBER 1980 Echocardiographic examinations were performed with the patient in the supine position. The crosssectional plane was set to observe the transverse view of the anterior mitral leaflet. In healthy subjects and patients with cardiac disease other than ostium primum ASD, the section was set along the short axis, as the mitral annulus is parallel to the short axis. However, in ostium primum ASD, the right side of the mitral annulus is displaced toward the apex and the anterior part of the annulus is parallel not to the short axis but to the sagittal plane of the body, as shown in the left ventriculogram ( fig. IA) . Therefore, the section for observing the transverse view of the anterior mitral leaflet was set to be the sagittal plane of the body so that the section was parallel to the anterior part of the mitral annulus. First, the transducer was placed in the third, fourth or fifth interspace, and the echocardiographic section was set along the long axis of the left ventricle ( fig. 1B-1) . Then, the transducer was rotated clockwise to the sagittal plane of the body while the echo of the anterior mitral leaflet was set to be the center of the cross-sectional image ( fig. IB-2 ). When the echo of the posterior mitral leaflet or the left ventricular posterior wall was observed, the transducer was tilted medially to ensure that the chordae tendineae were not being examined ( fig. 1 B-3 ). Though this section was oblique to the left ventricle, it was perpendicular to the anterior mitral leaflet in ostium primum ASD. To scan the entire area of the arnterior leaflet, the transducer was tilted carefully from the direction of the mitral annulus to that of the tip of the anterior leaflet.
In three patients, contrast studies with cross-sectional echocardiography at cardiac catheterization were available. Isotonic saline was injected into the left ventricular cavity and the location of the regurgitation was examined.
Results

Normal Anterior Mitral Leaflet
In healthy subjects and patients with cardiac diseases other than ostium primum ASD, the echo of the anterior mitral leaflet was a curved line parallel to the ventricular septum echo during diastole and straight or slightly concave toward the left atrium and lying between the left ventricular outflow tract and the left atrium during systole ( fig. 2 ). There was neither interruption of the leaflet echo nor asynchronous motion in any part of the leaflet throughout the cardiac phase.
Ostium Primum ASD
The superior and inferior portions of the anterior mitral leaflet separated into two parts during diastole, and the superior portion narrowed the left ventricular outflow tract (figs. 3 had a different fluttering motion in diastole. These findings during diastole were found in all patients with mitral cleft but not in the patient without cleft (patient 6). The extent of the cross section in which the diastolic separation of the anterior mitral leaflet echo was observed varied among the patients. In patients with a complete cleft, the diastolic separation was easily detected in the wide area. In patients with an incomplete cleft, the diastolic separation was not detected near the annulus. During systole, the echo of the two parts of the leaflet met at the center and formed a knot echo, somewhat resembling two hands pressed together. The size of the knot echo varied among the subjects from well-defined ( fig. 4) to scarcely defined (fig. 3 ). In the patients with a well-defined knot echo, the angiocardiograms showed a wide nonopaque notch indicating mitral cleft. In patient 8 there was an opening between the ridges of the two parts of the leaflet during systole.
In five patients, the echo line of the anterior mitral leaflet was not straight, but bent toward the ventricular septum with the angle at the contact site ( fig.  3 ). The echo of the anterior leaflet was almost straight in four patients ( fig. 5) , one of whom did not have the cleft. In one of the other two patients, the edge of one part of the leaflet slipped down the edge of the other part so that they did not meet symmetrically, and the echo line of the leaflet was not straight (patient 3) (fig.  4) . In the other, patient 4, the prolapse of the anterior mitral leaflet was shown by echocardiography and the configuration of the anterior leaflet during systole was not assessed.
In seven patients, thin linear echoes were detected between the ventricular septum and the ridges of the two parts of the divided leaflet echoes ( fig. 3) . At surgery, accessory chordae were found in the area concerned. In some patients, these echoes were not very strong and could not be recognized clearly on the realtime image, but were seen on the 8-mm frame-byframe display. All patients with systolic bending of the anterior leaflet echo had accessory chordae, which looked as if they were preventing the anterior leaflet from being straight during systole ( fig. 3) . Conversely, the patients with the accessory chordae did not always show the systolic bending of the anterior leaflet echo. The cross-sectional echocardiographic findings before surgery are listed in table 2. Eight patients had complete cleft, but the severity of mitral regurgitation varied. In patient 11, whose echocardiogram showed the thin linear echoes and systolic bending of the anterior mitral leaflet echo, angiocardiography showed minimal mitral regurgitation. In patient 7, who did not have the accessory chordae and whose anterior leaflet echo was straight, angiocardiography showed severe mitral regurgitation. In this patient, a contrast study showed regurgitation from the site between the two parts of the leaflet (fig. 5 ). The patient who had an opening between the ridges of the divided leaflet echo had severe mitral regurgitation and the same finding in the contrast study as in patient 7.
In all patients, after surgical repair of the cleft, the anterior mitral leaflet echo did not show the diastolic separation ( fig. 6 ). It seemed that the motion of the anterior mitral leaflet was not restrained by the suture site. The knot echo was observed throughout the cardiac phase, indicating the suture site. In three patients who showed systolic bending of the anterior leaflet echo before surgery and whose accessory chordae were not resected, the thin linear echoes were detected at the same area as in the preoperative state, and the degree of systolic bending of the anterior leaflet was unchanged ( fig. 6 ). In these patients, the severity of the mitral regurgitation by angiocardiography was unchanged in two and diminished in one. In one of two patients who showed systolic bending of the leaflet before surgery and whose accessory chordae were partially resected at surgery, the echo of the anterior leaflet was almost straight and mitral regurgitation had decreased (patient 10). In two patients who had neither the accessory chordae nor systolic bending of the anterior leaflet mitral regurgitation was not revealed. The severity of mitral regurgitation was not reduced in the patient with mitral valve prolapse In examining the transverse view of the anterior mitral leaflet by cross-sectional echocardiography, it was important to choose the section plane carefully. First, in ostium primum ASD, the section should be sagittal with respect to the body to cross the anterior mitral leaflet in the transverse plane. This is because the right side of the annulus of the mitral valve is displaced toward the apex, angulating parallel to the sagittal plane of the body, as the membranous septum is not developed in this malformation.6,8, Second, the left atrium should be visualized behind the mitral valve to ensure that the ultrasound beam crosses the anterior leaflet. When the ultrasound beam is directed toward the left ventricle, the echo of the mitral apparatus may not be that of the anterior leaflet, but that of the chordae tendineae. As the chordae tendineae are divided rightward and leftward and connect with the papillary muscles, the cross-sectional echocardiogram apparently shows the presence of the mitral cleft.
Echocardiographic Features of the Mitral Cleft
Diastolic separation of the anterior mitral leaflet echo is thought to indicate the mitral cleft because this finding was not detected in any patient without mitral cleft.'6' 1' The degree of the cleft was suggested from the extent of the cross section in which the diastolic separation was observed. Angiocardiographically, the mitral cleft is diagnosed by the nonopaque notch in the mitral area.68 This notch would correspond to the knot echo formed by the ridges of the divided leaflet in the cross-sectional echocardiogram.
The Echo of the Accessory Chordae
The thin linear echoes between the ridges of both parts of the anterior leaflet and the ventricular septum are believed to be the echo of the accessory chordae because there was neither a false-positive nor a falsenegative case. To detect these echoes in some patients required careful observation. However, the presence of accessory chordae could not be detected by any means except echocardiography.
In some patients, the accessory chordae seemed to restrain the anterior mitral leaflet from being straight during systole, causing it to bend toward the ventricular septum. This condition was shown pathologically.20 The accessory chordae may prevent the two parts of the anterior leaflet from prolapsing into the left atrium at the site of the cleft.
Apex four-chamber echocardiography has been recommended as being possibly superior for showing the accessory chordae, but it does not show the mitral cleft at the same time. Because it is necessary to show the presence of the accessory chordae and their relationship to the mitral cleft, we consider the sagittal plane the superior view.
Mitral Regurgitation in Ostium Primum ASD Mitral regurgitation in ostium primum ASD is thought to be produced at the site of the cleft. In this study, the degree of the mitral regurgitation was not directly proportionate to the size of the cleft. In patient 11, the mitral regurgitation was minimal even though the cleft was complete; in patient 7, however, Another factor is the absence of accessory chordae. If they are absent, the edges of the cleft may slip out of the proper position for the coaptation of the two parts of the anterior leaflet. In patients 3, 7 and 8, who did not have the accessory chordae, the mitral regurgitation was severe. In patient 7, the echo of the anterior mitral leaflet was almost straight, as in the normal leaflet. However, this finding may indicate that there is no coaptation between two parts of the anterior leaflet. This hypothesis was supported by the contrast study, which showed that contrast echoes flowed into the left atrium from the site of the cleft. Conversely, even in the patients with a complete cleft, the accessory chordae seemed to aid the coaptation between the two parts of the anterior leaflet and reduce mitral regurgitation (patients 1, 2, 5, 9 and 11).
Other factors, such as the site of the papillary muscle or the deformity of the annulus, may cause imperfect coaptation of the two parts of the anterior mitral leaflet. In this study, no suggestive finding was obtained concerning these factors. Second, in ostium primum ASD, as well as in other cardiac diseases, the coaptation between the anterior and posterior leaflets seems to be related to the regurgitation. While perhaps preventing the edges of the cleft from prolapsing, as mentioned above, the accessory chordae restrain the anterior leaflet from being straight during systole.20 This condition may interfere with the proper coaptation between the anterior and posterior leaflets. If the mitral regurgitation occurred only from the site of the cleft, it would be corrected merely by suture of the cleft. However, mitral regurgitation remains in some patients even after surgery.'-' In this study, the patients with systolic bending of the anterior leaflet after surgery were shown to have mitral regurgitation, and all but one patient without systolic bending had no mitral regurgitation, even if the accessory chordae were not resected. In addition, as in other cardiac diseases, mitral valve prolapse may be the cause of the mitral regurgitation, as in patient 4 .
Conclusion
This study showed that real-time cross-sectional echocardiography demonstrates not only the presence of the mitral cleft, but also the configuration of the anterior mitral leaflet and the presence of the accessory chordae. This information has not been shown in the beating heart. Not only the cleft but all these conditions may relate to the mitral regurgitation in this malformation. Although we did not study a large number of patients, one explanation of the cause of mitral regurgitation was proposed from the echocardiographic viewpoint. Real-time cross-sectional echocardiography should become indispensable in assessing mitral deformities before surgery. most adult patients who undergo cardiac surgery, so we had the opportunity to observe the frequent, although not uniform, presence of a dicrotic pulse after open heart surgery. The present study was undertaken to establish the frequency and significance of this clinical sign in patients who undergo cardiac surgery for valvular disease.
Methods
Subjects
The patients were identified by a computerized data retrieval system as having undergone pre-and postoperative echophonocardiograms for valvular surgery between January 1973 and December 1978. The patients studied were all age 45 years or younger, and any patient who developed prosthetic malfunction was excluded. After technically inadequate carotid pulse tracings were excluded, 108 patients remained. Postoperative tracings were performed 7-10 days after surgery.
Echophonocardiography
Phonocardiograms were obtained from the four standard precordial areas using either an Irex 101 or a Cambridge MC IV multichannel recorder and Leatham suction microphones. Indirect carotid artery pulse recordings were made with an air-filled funnel
